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1. A sea-pen, Cavernularia obesa Valenciennes, is an inhabitant of the 
shallow sandy bottom in the vicinity of the Seto Marine Biological Laboratory. 
It expands its club-shaped rachis of colony above the sand during night and 
contracts beneath the sand in the daytime. At the natural habitat this animal is 
often grown in crowds, but the actual interaction seems not to be present except 
at the time of reproduction. Even at this time the behavior of ejaculation or 
spawning seems to be directly controlled by the environmental light condition, 
viz. both male and female colonies produce their sperms and eggs from zooids into 
sea water just 2 or z-} hours after sunrise in October, even when they are reared 
sep3.rately, and the daily time schedule of these behaviors can easily be reversed 
in accord with the reversal of the general activity caused by operating environ-
mental light''. . . 
The rhythmlc activity is not evoked by the food relations''. The plankton 
organisms were collected quantitatively from the natural habitat of this animal, but 
no significant difference was found between those in the daytime and in the 
nighttime. In the laboratory, it continues its routine rhythmic activity even when 
the minute organisms were filtered out, as long as a week, from the water supplied 
to the animal. Furthermore, it was often observed that when the animal was 
reared in an aquarium for a long time it became thinner and smaller, presumably 
because of the shortage of foods, and sometimes after one or two years it diminished 
its size to one-fifth of the normal animal, and yet in these conditions the rhythmic 
activity persisted similar to the normal type. Of course the foods are the essential 
environmental factors for the maintenance of life of the sea-pen, but are not im-
portant for the actual performance of routine daily rhythmic activity. 
Also, no serious enemies for this animal were found at the natural habitat. 
Afterall, it is suggested that the important environmental factors for the 
execution of the daily rhythmic activity of the sea-pen will not be found in biotic 
ones but in abiotic ones. 
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2. A considerable numbers of the observations and experiments were planned 
and executed as for light and temperature factors, the results of which may be 
summarized as follows. 
A. Light factor 
1) Under constant darkness or illumination (about 900 Lux) 
Most of them continue their original rhythm of activity, but some are disturbed 
showing bimodal or multimodal activities~:n. . This persistence is often so firm 
that is maintained after 100 days of life in darkness''. 
2) Under reversed light-dark phase to the natural day-night phase 
When the intensities of light to be employed are 1230 Lux to 7 Lux, the 
reversal of the rhythm completes within two to three days. If it is 1.2 Lux, the 
reversal generally completes within six days; and if 0.3 Lux light is used, the 
success of the reversal within a week is seen with about 50 per cent of the colonies 
useda,nJ. 
3) Under various lengths of alternative light and dark 
Two series of the experiments were performed; first, the animal was subjected 
to the alternative light and dark of equal lengths; and second, to that of different 
duration, maintaining the total length of one cycle as 24 hours. Generally 
speaking, although the activity rhythm develops in accord with the environmental 
light-dark rhythm when the latter phase is not so largely biassed or altered from 
that of the normal day-night rhythm* (12 hours light and 12 hours dark, which 
is designated hereafter as 12-12 hours rhythm), it will be more and more disturbed 
as the environmental rhythm alters from 12-12 hours rhythm**, and at last, under 
extremely altered environments some animals become to behave (as if) in nonnal 
manner***a,u, 15 l. 
It may be said that the light is the strongest environmental factor in 
controlling the rhythmic activity, but yet the animal behaves subjectively when the 
alteration of environmental condition takes place beyond its tolerable range. 
B. Temperature factor 
That the temperature change within the range of daily march has no influence 
on the rhythmic activity was ascertained by the experiment reversing the daily 
march of water temperature''. On the other hand, the annual change of 
* Such environmental rhythms as 9-9 hours, 15-15 hours, 9-15 hours an~ 15-9 
hours belong to this category. 
** Such environmental rhythms as 6-6 hours, 18-18 hours, 6-18 hours, 21-21 hours, 
24-24 hours, and 18-6 hours belong to this category or show transitory states exhibiting 
every type of activity. 
**"' Such environmental rhythms as 3-3 hours, 1.5-1.5 hours, 30-30 minutes, 15-15 
minutes, 5-5 minutes, and 3-21 hours or 21-3 hours belong to this category. 
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temperature has a considerable effect. In the warmer season, of which water 
temperature is above ca. l3°C, most colonies begin to expand nearly at the same 
time just after sunset and after midnight they begin to contract one after another 
unevenly11 l. On the contrary in the colder season, they begin to expand 
unevenly after sunset, and contract simultaneously at the time of sunrise4 l. 
Under constant light or darkness in winter, they tend to stay expanding for a long 
time, ca. 18 to 20 hours or. even about two days6l. 
Anyway, the temperature factor is a secondary one, exerting influence, if ;;my, 
through the light factor. 
3. It is noticeable that, in spite of its low rank of organization, the sea-pen 
shows conspicuous individuality in the mode of the rhythmic activity. Some 
show nocturnal activity for about 12 hours, some for about six hours, and others 
expand twice in a night, and these modes are repeated nearly similarly every 
night"'· 
4. Tendencies of persisting 24 hours rhythmic activity and also of maintain-
ing characteristic individuality suggest the existence of a definite internal 
physiological rhythm. Some measurements of physiological states were performed 
to clarify of this point. H ion concentration, CO, content, NH,-N content of body 
fluid, and glycogen content of body were measured throughout a day or during 
the night. These show characteristic daily changes respectively. The value of 
pH attains ca. 7.8 at morning just before the onset of contraction, then decreases 
gradually as the march of day, and at last it attains the lowest value, ca. 7.4, in 
the evening whe1l the animal just begins to expand. Daily march of CO, content 
is seen in exact correspondence with that of H ion concentration. The amount of 
ammonium per cc of body fluid remains high in the daytime (ca. 7)'), whereas it 
decreases to the level or 21' during night. The lowest value of glycogen is seen in 
the evening when the animal begins to expand (ca. 4 mg/gr) and it remains high 
from midnight to noon (6-7 mgfgr). Also the measurement of 0 2 consumption 
indicates that the animal scarcely consumes 0 2 in the daytime but in the night-
time a fair amount (0.03 ccjgr/hr) is consumed'·'·"·"·"'· 
Furthermore, a manner of response to sudden illumination changes con-
siderably as the time of night progresses. At the beginning of the activity it resists 
to this environmental change and a fairly long time is necessary for completion of 
contraction, but after midnight it contracts easily in response to the same treatment 
(time required is only one-fourth of that at evening)''· 
5. The nocturnal activity is evoked physiologically by sensory response to 
illumination change on the one hand and by internal metabolic cycle on the other 
hand. Both are operating cooperatively in nature, but their actions can be 
separated by executing an adequately designed experiment, in which the rachis 
is bisected longitudinally and the sea water containing 0.3 per cent lactic acid is 
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injected from the top of one of the bisected rachis10 >. 
In conclusion, the daily rhythmic activity of the sea-pen at the natural habitat 
may be developed under double assurance, viz. cyclic change of environmental light 
factor and that of internal physiological factor. External biotic factors such as 
food or enemy, as well as intraspecific coaction, seem not to be directly concerned 
with the exhibition of this activity. 
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